BacKgrOuNd
The global mid-ocean ridge (MOR) system is a 60,000 km submarine volcanic mountain range that crosses all of the major ocean basins on Earth.
Along the MOR, subseafloor seawater circulation exchanges heat and elements between the oceanic crust and seawater.
One of the elements released through this venting process is iron. The amount of iron released by hydrothermal venting to the ocean per year (called a flux) is similar in magnitude to that in global riverine runoff (Elderfield and Schultz, 1996) . Until recently, measurements and modeling activities to understand the contribution of hydrothermal iron to the ocean budget have been largely 
aSSumptiONS aSide
During the 1980s and 1990s, the role of hydrothermally derived iron in presentday marine trace element cycling was discovered and described in a small body of literature (Lilley et al., 1995) . Then in 2006, it was hypothesized that up to 50% of deep-ocean dissolved iron occurring in the Pacific Ocean may have come from hydrothermal sources throughout the past 10 million years (Chu et al., 2006) . Since then, the "leaky vent" hypothesis has been supported by reports that chemical mechanisms protect iron from precipitation as minerals (Bennett et al., 2008; Toner et al., 2009a) and that physical processes can prevent settling of minerals (Yücel et al., 2011 Ocean (Lupton, 1998; Winckler et al., 2010) . 
StartiNg at the BegiNNiNg
We must start with the most basic question: does hydrothermal iron stay dissolved or suspended in seawater long enough to affect the upper water column?
In plumes, direct iron speciation in the precipitates has been reported just twice. Campbell (1991) measured iron in plume particles from the TAG vent field on the Mid-Atlantic Ridge using bulk X-ray absorption spectroscopy (XAS),
and Toner et al. (2009b) reported iron speciation in plume particles from the EPR using microprobe XAS techniques.
Why have so few measurements of iron speciation been made? High-quality samples are difficult to obtain, and iron speciation in plume particles is difficult to measure. These challenges have slowed our understanding of hydrothermal iron's speciation, transport, and contribution to the global ocean iron budget.
Ongoing sediment-trap deployments and new in situ filtration equipment (Breier et al., 2009 ) are making it easier to obtain great samples, and improved synchrotron-radiation X-ray microprobe and X-ray microscopy instruments are making measurements of iron speciation accessible (Mayhew et al., 2011; Toner et al., 2009b) .
SedimeNt tr apS aNd SyNchrOtrONS
We developed X-ray microprobe 
irON iN plume particleS
The EPR particles and particle aggregates settling into sediment traps comprise a mixture of chemical forms, and we can measure a variety of iron oxidation states in them (Table 1) . Sulfide-associated iron accounts for ~ 10 mol % of the total iron
Step 1 | collect particles in seafloor sediment trap
Step 2 | concentrate particles on filter
Step 3 | measure distribution of iron (and other elements) with x-ray microprobe Figure 1 . From seafloor to synchrotron.
Step 1: hydrothermal particles that settle from the water column are collected using sediment traps moored at the seafloor.
Step 2: particles are concentrated on a membrane filter.
Step 3 (e.g., Feely et al., 1987 ). An iron(II) nonsulfide phase was also reported previously for EPR plume particles using qualitative X-ray microscopy measurements (Toner et al., 2009b) . However, the rela- Step 4 | choose incident x-ray energies
Step 6 | Fit composite map with references
Step 5 | x-ray flourescence maps at each energy Figure 2 . iron speciation in hydrothermal plume particles.
Step 4: The incident x-ray energies for chemical mapping are chosen to maximize the distinctions among iron species while minimizing the estimated error for calculations of percent iron species present.
Step 5: we then collect x-ray fluorescence maps at the energies selected in Step 4. These maps are compiled and fit using reference spectra (Step 6). grayscale maps are presented for "total iron," "sulfide" iron, "iron(ii)," and "iron(iii 
